tt — HjWb

Flavor Changing Neutral Currents and Rare Top

Decays

Nathaniel Odell

Norhtwestern University

April 4, 2013



tt — HjWb

Outline

Introduction
Rare top decays
m Event selection
m Determination of R
m Results
FCNC
mt—qZ
mt—qgH
Summary




tt — HjWb

L Introduction

Introduction

New physics with the top quark

m large mass = radiative corrections
more important than for lighter
fermions

m high productions cross-section at
LHC @ 14 TeV,

u 04 ~ O(800pb)
m o, ~ O(300pb)
(dominated by t-channel)
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Rare top decays

0.97428 0.2253  0.00347
Vexw = | 0.2252  0.97345  0.0410 | . (1)
0.00862 0.0403  0.999152

+
m top quarks decay + [ , q
overwhelmingly to W + b in w v a'
SM t ’
m little mixing between d and
s quarks as observed in b

CKM heirarchal structure

Measuring Vis and Viq is difficult, so instead we measure R,

__ Br(t — Wb)
"~ Br(t — Wq) (2)
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LEvent selection

Results from the LHC

Measurements of R have been done by CMS* at both /s =7 (8)
TeV using Ljp; = 2.2 (16.8) fb L.

Event selection

m Select on tt events

m 2 prompt isolated leptons with p7, > 20 GeV and |n| < 2.4
m MET > 40 GeV

B Niets > 2; jet pr > 30 GeV and || < 2.4

m AR((, jet) > 0.3

m kill dominant Z + X background by requiring |[Mj; — Mz| > 15 GeV

Data is divided into three lepton flavor categories (ee, eu, and pu) and by the
number of jets seen in the event.

* CMS PAS TOP-11-029, CMS PAS TOP-12-035
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LEvent selection

Event yields

Source ee ey up

Single top 284+11+16 1134+22+64 438+14+24
\A4 165+3+9 650 £+ 6 + 39 262+4+16
Multijets/W — £v 18+3+18 47 6147 4+2+4
Z/y*— 1827 £61+226 998 £32 4110 2757 £69 +188
other tt 9+2+2 58+6+6 21+£3+£3
tt+V 24+1+1 79+1+4 37+£1+£2
signal tt dilepton 5080 +13 +407 21040 +3041528 8130 + 17 565
Total 7407 64 £467 24006 £50 41534 11649 £ 73 +597
Data 7254 24021 11423

Event purity

As an input for the determination Contribution Channel e u u
£ R is th . f th 2jets  0.647+0.056 0.861=0.052 0.666=0.047
o Is the purity of the event, fa 3jets  0.739+£0.069 09130066 0.755+0.065

4jets  0.775+£0.091 0.938+0.092 0.771+0.087

N _ 2jets  0.065+0.007 0.062+0.005 0.062+0.006
tt,exp kst 3jets  0.047 £0.004 0.043+0.009 0.039+0.006
- (3) 4jets  0.040 £0.009 0.031 4+ 0.006 0.047+0.010

fe=p

obs
and ks which is the relative
contribution from single top events.
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L Rare top decays

LEvent selection

Jet misassignment and heavy flavor content

Important parameters

m b-tagging efficiency, €5

jet misidentification rate, oy

m heavy flavor content

m Data-MC corrections, feorr
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Measurement of R

The value of R is extracted from the data using a binned
likelihood fit,

£(R7 ftﬂ kstafcorrech EbyEqy Eqx,s 9:) =
jets
, o 4
IT IT ITP [meroe. o] [T Gunte?.0r1)
00 jets>2 k=0 i

The parameters of the fit are taken from values obtained above, and nuisance
parameters are assumed to be unbiased and normally distributed. the value of

‘R the can be determined by forming a profile likelihood ratio,

_ L(R.0)
MR) = X (5)
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L Results

Results

|CMS preliminary, {5=8 TeV, [L=16.7 fy" CMS preliminary, {5=8 TeV, | L=16.7 fb"
- - e e

<
g £ | 0.988 <R <1.058

Probability

EI combined
Clee
e

e

0.2 0.4 0.6 0.8 1 1.2 0.9 0.95 - 1 - 1(L)5 1.1
R=B(t—->Wb)/B(t->Wq) Measured R

The value of R is interpreted under two assumptions...

No constraint on R

R >0.945 R =1.023+5%¢
[Ves| > 0.972 V| = 1.01179%8

Assume CKM unitarity (R < 1)
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Summary

11: 102303 CMS-PAS-TOP-12-035 (2013)
142 094 CDF Note 10887 (2012)

11: 0.981 0% CMS-PAS-TOP-11-029 (2012)

1j: 0.95°207
" D@ PRL 107, 121802 (2011)
1: 0.86 415

1j: 0.97;::: D@ PRL 100, 192003 (2008)

1j: 103" D@ PLB 639, 616 (2006)

1j: 1.02°"
I: 141% CDF PRL 95, 102002 (2005)

. st
1411 0.947)

CDF PRL 86,3233 (2001)

0 0204 06 08 1 12 14 16 18
R=B(t— Wb)/B(t—> Wq RY 95% cL

14 TeV Projection

Systematic uncertainty "saturates” with addition of more 8 TeV data. No
obvious strategy for reducing uncertainties to < 1% level required by theorists.
No preliminary numbers at the moment.
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Flavor Changing Neutral Currents

Standard Model FCNC

GIM mechanism

In the SM, tree-level FCNC decays are suppressed
due to the GIM mechanism and limited mixing Beyond—the—SM FCNC
between generations.

= Observation of FCNC decays may give us hints
into new physics. . e

S

Decay SM | Quark singlet | MSSM | R SUSY | 2HDM

t—qZ | 1071 10~4 10°° 107> 10~/
t—qy | 1071 108 1070 1070 1070
t—qg | 10712 1077 104 1074 104

t—qH | 107 10°° 10°° 10°° 103
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Search channels

In this talk

t — gZ Investigate tt events with one t decaying

as usual (t — Whb) and the other through t
t—qZ

t — gH Similar to t — qZ, but with many different g
final state options. Multilepton (> 3) final .

states, same-sign dilepton, or single lepton
plus > 3 b-jets are all possible search
channels. t

Not in this talk ¥

t — qg Investigate single top + jet events.
Br(t — c(u)g) < 2.7 x 107%(5.7 x 107°) . 7 o abw
(arXiv:1203.0529)

t — g7 Investigate single top + 7y events. a0+
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t—q”Z

ATLAS, CMS, and DO have all carried out investigations of t — gZ
with similar analysis strategies. Consider the CMS analysis...

Event selection

Preselection

b-jet m 3 prompt, well-isolated leptons
m _E> 30 GeV
m at least 2 jets (p7 > 30 GeV)
m 2 leptons form Z candidate
Additional cuts

m require b-tagged jet or cut on HT.*

m Z+jet reconstructs top

m W+-b-jet reconstructs top

* HT, = X ph + Y pi +E
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Preselection

[ Channel | e Mg eee eept
Drell-Yan 20+14+£03 09+1.0+01 28+17+04 094+1.04+01
wz 461 +684+61 603+78+80 409+64+54 486+70+64
77 177 +42+23 21.7+47+29 1514+394+20 182+43+24
WWw < 0.001 <0.001 02+03+£0.0 <0.001
tf < 0.001 05+07+01 09+09+01 094+094+01
Single-top < 0.001 0.14£04+00 00+02+00 <0.05
Total 66 +8+7 84+9+9 60+8+6 69+8+7
Data 73 87 85 61

TS Prel e T T R T
E ams brelfminary T 25, i"(;ﬂfsbh:(h\%lla;ykv Eﬁ
16 46fo'ats=7Tev M4 3 [ =
14~ Bwwwzzz
, [ single-top
Dtozateroy |

- [Ge

Dominant background
after preselection is
diboson

Tq [GeV]
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b-tag selection

CMS Preliminary | WZAIT ] 50 CMS Preliminary | WZrT

H requ ire F 46 toans -7 Tev ﬁ 46107 ans =7 Tev 5«
w w
exact|y one 8 W single-top 4 W single-top
. 5 Dlzaer 190 Dltzaer 15
b-tagged jet ) 3
m tight 3 2
. 2]
reqmrements ) 1
. 1= =
on both MZJ fo T
and My My, [GeV/C]
HT; selection
. CMS Preliminary [P ZTCMS Preliminary | Iz
H require 18 46" at\s =7 Tev -i B 18- 46" atNs =7 Tev = E
16k wwwzzz ] 16 wwwzzz ]
HTs > 200 1 B 1 Woraeser

esza@r 1%

GeV ]

m loose
requirements
on both Mz;
and MWb

5(
My, [GeV/CT]
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Results and projections

Signal Selection HTs-cut Based b-tag Based
Total background prediction (data driven) 16.2+39 £+ 2.6 06+014+01
Data 11 0

Expected limit at the 95% CL Br(t — Zq) <042% | Br(t = Zq) < 0.34%
Observed limit at the 95% CL Br(t — Zgq) <0.39% | Br(t = Zq) < 0.34%

CMS limits

Limits are set using modified frequentist approach and are based on 4.6 fb~! of
data taken at /s =7 TeV.,

m No excess observed over SM prediction for both event selection strategies

m Expected bounds on limits are 0.30% — 0.64% (0.34% — 0.48%)for HT,
(b-tag) selection.

Assuming similar systematics and S/B, we can project to an upper limit of
0.01% with 300 fb™' at 14 TeV

See CMS TOP-11-028
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ATLAS search

differences from CMS

m consider 2 lepton categories:

m 3 tight-ID leptons
m 2 tight-ID leptons + 1 “track” lepton

m enforce consistency of tt — ZqWh decay by

minimizing
m 2.1fb~!
reco 2 reco 2
2 _ (miise, — me) (miyie, — me)
X = % + 2
Ot Ot

2 (6)

(migs —mw)” | (miZf, = m2)
e Gy T o2

See arxiv:1206.0257

Events / 10 GeV

Events / 10 GeV
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ATLAS results

3ID 2ID+TL
ZZ and WZ 95 + 44 1.0 £ §2
W and ttZ 051 £+ 0.14 025 £ 0.05
tt, WW 0.07 £ 0.02
?+jets 1.7 = 0.7 76 + 22
Single top 0.01 £ 0.01
2+3 fake leptons 00 + 2
Expected background 118 £+ 44 89 =+ 23
Data 8 8
Signal efficiency (0.205 £+ 0.024)% | (0.045 =+ 0.007)%

channel observed (—1lo) expected (+10)

: . o 3D 081%  063% 0.95%  1.4%

m determined using modified o SR -z
; : " o AL 21D+ TL 32%  215%  3.31%  4.9%
requentist approach at 95% Combination  0.73%  061%  0.93%  1.4%

m consistent with CMS result
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Flavor Changing Neutral Higgs

With the newly discovered Higgs(-like) boson with a mass of 125 GeV, detailed
measurements of its decay properties are now underway.

Flavor-violation in an effective coupling

The Higgs couples to up-type quarks via a coupling of the form,

mj;uitj + )\Z-huil_lj + h.c. (7)
The branching ratio with an effective Higgs interaction with flavor violating can
be derived,
|€ccl? + |€ce]? (1 — mp/mi)>?
Br(t — ch) ~ 8
= ) = G aGmme VE (L= i [mi (L + 2miy fr)
= 0.20(]A | + X&) (9

Estimates for Br(t — Hg) ~ 107> — 10~2 in a 2HDM.

T. P. Cheng and M. Sher, “Mass Matrix Ansatz and Flavor Nonconservation in
Models with Multiple Higgs Doublets,” Phys. Rev. D 35, 3484 (1987).
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Search strategies

Searches

m Investigation of the presence of t — Hq
can be done with a similar strategy to
t — Zq analysis

nu

m assume tt production
m allow one t to decay normally thar 9
(t — Wh) Ry 1
m require the other decay as
t — Hq

nu

m Many more possible decay channels
available to Higgs; WW, ZZ, 77, or bb nu
are all potentially viable search channels
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Feasibility study with H — bb final states

ceptance cuts

Vs = 14 TeV
125 GeV (b) Physics Backgro

e B B AN L

(a) tt > tcH®, M,

m at least 3 b-jets (pr > 15 GeV)

m exactly one well isolated, prompt

do/dM(pp - tt - blv bbj +X)(fb/GeV)

My
lepton (p1 > 20 GeV) A
L [RYAY
m MET > 20 GeV ARV
SURY SN
10-1 SO Ny, o
m enforce decays through cuts on AN e ]
AT Y B " ]
M, by, Mpgeu, ete. BN AT A O R O | AT A O P A
50 100 150 200 250 300 50 100 150 200 250 300
Invariant Mass (GeV) Invariant Mass (GeV)

Vs = 14 TeV
(a) Low Luminosity, L = 30 fb~* (b) High Luminosity, L = 300 fb™"

2 et ——— T TR T . . .
R AL T O Projected limits
g f \‘1\ ] m sensitivity to 30 deviation at 8 TeV with
3 £ NN ~ 20fb~ 1
I3 E 30 \.1 . . .
' L e m potential to observe +50 deviation at 14
$ N TeV with > 30fb~?

—2 Lol Ll bbb [ .

2100 110 120 130 140 150 100 110 120 130 140 150 160 m See Kao, et. aI.;(arX|v:1112.1707)

M, (GeV) M, (GeV)
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First results from CMS multi-lepton search

Based on a generalized multi-lepton search (arXiv:1112.2298), an
initial limit can be placed on Br(t — hc).

strategy

4.89 fb~1 of data collected at \/s =7
TeV is divided into several
categories/bins based on,

Events/10 GeV

m number of leptons (N; = 3,4)
m MET
m Hr (=3 p) or HTs

The resulting yields can then be
compared against a given signal model.

Events/50 GeV

Bt e,
200 400 600 800 1000 12
$1d8
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Observed Expected Signal
4 Leptons
MET HIGH HT HIGH NoZ 0 0.018 £ 0.005 0.02
MET HIGH HT HIGH A 0 0.22 + 0.05 0.0
MET HIGH HT LOW NoZ 1 0.2 £ 0.07 0.11
MET HIGH HT LOW Z 1 0.79 + 0.21 0.04
MET LOW HT HIGH NoZ 0 0.006 £ 0001 0.0
MET LOW HT HIGH Z 1 0.83 £+ 0.33 0.04
MET LOW HTLOW NoZ 1 26+ 1.1 0.08
MET LOW HT LOW Z 33 37+ 15 0.15
3 Leptons
MET HIGH HT HIGH DYO0 2 1.5+ 05 0.48
MET HIGH HT LOW  DYO0 7 6.6+ 2.3 2.1
MET LOW HT HIGH DYO0 1 1.24+07 0.26
MET LOW HT LOW DYO0 14 11.7 + 3.6 1.68
MET HIGH HT HIGH DY1 No Z 8 5+ 1.3 1.54
MET HIGH HT HIGH DY1 Z 20 189+ 6.4 0.41
MET HIGH HT LOW DY1 No Z 30 27T+ 7.6 5.8
MET HIGH HT LOW DY1 Z 141 134 £ 50 2.0
MET LOW HT HIGH DY1 No Z 11 45+ 15 0.80
MET LOW HT HIGH DY1 Z 15 19.2 + 48 0.72
MET LOW HT LOW DYl No Z 123 144 + 36 3.1
MET LOW HT LOW DYl Z 657 764 £+ 183 2.4

Combining all channels, an observed limit of Br(t — ch) < 2.7% is calculated
at 95% CL with an expected limit of Br(t — ch) < 1.7%.
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Conclusions

Rare decays

m CMS has made most precise measurement of |Vy| to date.

m improvements on precision may be limited by systematics

FCNC

m ATLAS and CMS have put limits on several FCNC channels
m Projections for next LHC run suggest x10 increse in sensitivity

m First limit put on t — gH decay; expect analysis of 8 TeV
data later this year
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